Background and objective: No previous studies have examined differences in spirometry measurements among ethnic populations in China, and factors which may influence ethnic differences are unclear. Our study aimed to investigate whether forced expiratory volume in 1 s (FEV 1 ) and forced vital capacity (FVC) differ among Han Chinese and other ethnic minorities in China. Methods: We recruited 7137 individuals aged 35-70 years from four areas of China inhabited by ethnic minority groups between 2007 and 2009. We conducted spirometry tests for all available participants, and compared FEV 1 and FVC among Uygur, Hui, Mongolian, Dai and Han Chinese ethnicities, using nonlinear multiplicative regression models. Results: A total of 2005 healthy never-smokers were enrolled in the analysis. For all ethnicities, spirometry values increased with height and decreased with age; FEV 1 and FVC were consistently higher in males than in females. Compared with Han Chinese, FEV 1 was 4.42% (95% CI: 2.11-6.78%) higher in Mongolians, 4.08% (95% CI: 1.33-6.76%) lower in Uygurs, 4.39% (95% CI: 1.33-7.35%) lower in Hui people and 4.72% (95% CI: 1.80-7.55%) lower in Dai people, after adjusted for potential confounders including height, age, sex and place of residence. We observed similar differences for FVC. Conclusions: We detected significant differences in spirometry measurements among ethnic populations in China. Such differences cannot be fully explained by demographic, anthropometric or socioeconomic factors, but may also be attributed to genetic background as well as indoor and outdoor environmental exposures that need further investigation.
INTRODUCTION
Mortality and disability from chronic respiratory diseases pose an increasing global burden 1,2 particularly in China. 3 Consistently below average spirometry measurements are likely to indicate chronic respiratory diseases. 4 Chinese people have significantly lower forced expiratory volume in 1 s (FEV 1 ) and forced vital capacity (FVC) values than North Americans and Europeans. [5] [6] [7] Such differences in spirometry values cannot be fully explained by anthropometric factors (height and weight) or sociodemographic factors (age, sex, urban or rural setting and education level), but might be attributed to environmental or genetic variations among ethnicities. [5] [6] [7] Therefore, more research is needed to investigate the extent and basis of ethnic differences in spirometry measurements within and across countries.
FEV 1 or FVC values are typically presented as a country-level indicator for lung health without specifying any further heterogeneity. 5, 7 However, China has the world's largest population, 8 with a great variety of ethnic groups. Different cultural and socioeconomic factors among Chinese ethnicities may lead to varied indoor and outdoor environmental exposures that affect lung health. [9] [10] [11] The specific genetic background of each ethnicity may also impact spirometry values. 12, 13 Hence, FEV 1 and FVC in ethnic minorities of China may vary from Han Chinese, after adjusting for fixed anthropometric features and other potential confounding factors. Our study aimed to explore whether FEV 1 and FVC differ among ethnic populations in China.
We extended the research from the global Prospective Urban and Rural Epidemiological (PURE) Study, 5 by comparing the baseline factors influencing spirometry across Chinese ethnic groups and characterizing the effect of ethnicity on spirometry measurements. We also examined the impact of place of residence (ethnic autonomous community or not) of the participants, with the hypothesis that minorities living outside their ethnic autonomous communities may have higher levels of air pollution exposures but less demands of physical activities that could reduce their lung capacity.
METHODS

Study design and participants
Detailed methodology and participant recruitment of the global PURE Study have been described elsewhere. 14 In brief, 17 high-, middle-and low-income countries from five continents around the world were selected to reflect a wide range of sociocultural and environmental diversity. More than 600 communities were chosen by urban and rural stratification, and 153 996 participants aged 35-70 years who had no intention to move in the next 4 years were invited to participate in the baseline survey during 2003-2009. Our study reported a subset of the global work conducted in mainland China, which recruited 7137 individuals from four minority areas of China (Fig. S1 , Supplementary Information), namely, Xinjiang (1639), Qinghai (1736), Inner Mongolia (2143) and Yunnan (1619). Our study was approved by the ethics committees of the National Center for Cardiovascular Diseases, China, and all participating centres. Written consent was provided by all participants that informed them of their data use for research and publication purposes. 15, 16 Apart from Han Chinese, there are four ethnicities inhabiting the selected minority areas: Uygur, Hui, Mongolian and Dai. 17 Uygurs are a Turkic ethnic group living primarily in the Xinjiang Uygur Autonomous Region. Hui people are predominantly descendants of Arabians and Persians who resides partly in Qinghai Province. Mongolians are a nomadic group living primarily in the Inner Mongolia Autonomous Region. Dai is one of the ethnicities living in Yunnan Province which is culturally close to Thai and Lao. Ethnicity was self-identified, if at least one parent had the same ethnicity or at least three grandparents were born in the same ethnic autonomous areas. In our analysis of the relationship between ethnicity and normal spirometry values, only asymptomatic healthy never-smokers were included, using the exclusion criteria provided in Appendix S2 (Supplementary Information).
A total of 2005 individuals were eligible for the analysis, of whom 1575 (78.6%) were ethnic minorities (317 Uygurs, 193 Huis, 747 Mongolians and 319 Dais) and 430 (21.4%) were Han Chinese. Figure 1 presents the flow chart of the study enrolment and Table S2 (Supplementary Information) summarizes the main reasons for ineligibility. Baseline characteristics of healthy individuals included in our study and excluded because of unacceptable data were similar among all ethnicities, indicating the representativeness of the analysed population (Table S3 , Supplementary Information).
Data collection and measurements
Standard procedures of data collection were followed according to the published global PURE paper. 5 Information on basic demographics, smoking status, medical history, regular medication and respiratory symptoms was taken from individual-level questionnaires, while data on family income and living Weight and height were measured on standardized instruments without hats or shoes, and with as little clothing as possible. FEV 1 and FVC were collected using a portable device (MicroGP, MicroMedical, Chatham, IL, USA) with monthly calibration, or at the time thought necessary by the trained local staff. The quality control for spirometry test is described in Appendix S3 (Supplementary Information). Up to six prebronchodilator forced exhalations for at least 6 s were required, and the three highest values were recorded. Participants who coughed at measuring, had less than three measurements, with >200 mL variability in FEV 1 or FVC or used submaximal efforts (FEV 1 /FVC >0.95 or <0.66) 5, 18, 19 were regarded as having unacceptable data which were not analysed.
Statistical analysis
Basic demographic, anthropometric, socioeconomic and spirometric data were described by sex and ethnicity. Categorical variables were presented as numbers (corresponding percentages) and continuous variables were presented as mean (SD).
FEV 1 and FVC were fitted using nonlinear multiplicative regression models with no intercept, 5 by adjusting for the confounding effect of potential influential factors: FEV 1 
ethnic autonomous community). Detailed methodology of model establishment is presented in Appendix S4 (Supplementary Information). The parameters b and c represented the spirometry changing by power scaled to height and age. The parameters d, e and f estimated the effect of sex, ethnicity and place of residence respectively, proportionally to height and age.
Given the multiplicity of comparisons, a P-value <0.01 was considered to be statistically significant. All analyses were performed with SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). shortest and lightest, with the lowest unadjusted spirometry values. Place of residence and socioeconomic status varied among ethnicities (Table 1) . Most of the Han participants were from non-autonomous communities, and were more likely to report higher education, professional level employment, higher monthly income and having more living items in their houses. Mongolians were also better educated and employed, and had the lowest rates of low family income and few living items among all ethnic groups. However, participants from other minorities, especially Dai, generally came from ethnic autonomous areas with relatively low socioeconomic levels. As shown in 1 values than females of a similar age. Residents in ethnic autonomous communities had an average of 4.88% higher FEV 1 than residents in non-autonomous communities. We observed similar differences for FVC ( Table 3 ). The effects of height, age, sex and ethnicity on FEV 1 and FVC based on the primary model are illustrated in Figures 2 and 3 .
RESULTS
DISCUSSION
Our study assessed the ethnic variations of spirometry measurements among healthy never-smokers in areas of China in which ethnic minority groups reside. We found significant differences in FEV 1 and FVC among ethnic groups, which were not explained by age, sex, height, weight, place of residence or socioeconomic status. Only Mongolian people had higher adjusted FEV 1 and FVC than Han Chinese, whilst Uygur, Hui and Dai people had substantially lower spirometry values than Han population. Residing in ethnic autonomous communities was remarkably associated with an increased value of FEV 1 or FVC, which verified our hypothesis.
Mongolians had the highest FEV 1 and FVC values compared with Hans and the other three studied minorities. Previous research showed that the spirometry reference values for Mongolians were similar to that for Caucasians, 20 and Caucasians are well known as having better lung function than most other races in the world including Han Chinese. [5] [6] [7] In our study, Uygur, Hui and Dai people had lower adjusted FEV 1 and FVC values than those of Han ethnicity. Similar inter-ethnic differences were also reported by the Riyadh Study, which revealed higher spirometry measurements for Chinese than Arabians and Singaporeans. 21 Meanwhile, the global PURE Study reported that typical FEV 1 and FVC values in East Asia (including China) and the Middle East were higher than those in Southeast Asia. 5 Majority races in the Middle East including Turks, Arabians and Persians have close genetic connections with Uygurs and Huis. Most countries of the Indo-China Peninsula in Southeast Asia adjoin the Yunnan Province, with some races homologous with Dai ethnicity.
Beyond ethnic differences, we also observed variations in FEV 1 and FVC with participants' place of residence, i.e. residents in ethnic autonomous communities generally had higher spirometry values than residents in non-autonomous communities. Postnatal exposures to social or environmental features along with inherent differences may jointly influence spirometry measurements among ethnicities. Since most of the ethnic autonomous communities are rural settings located in the frontier areas of China, exposures to air pollution for resident minority groups may be much lighter than those who live in urban non-autonomous communities. 17 Moreover, people living in ethnic autonomous communities may do more manual labour due to lower levels of industrialization, which could improve their lung function and fitness.
Our findings have important implications that may guide further investigation into the effect of social and gene-environmental factors on spirometry variations among ethnic populations. As shown in a systematic review, 6 racial differences of lung function were mostly attributed to either fixed anthropometric features that linked to genetics 12, 13 or socioeconomic and environmental conditions that changed with geographic region and over time. [9] [10] [11] 22 China has experienced rapid development in recent decades, along with great changes in Figure 2 Adjusted forced expiratory volume in 1 s (FEV 1 ) plotted to height and age in both sexes by ethnicity. FEV 1 political, economic and cultural life. Therefore, current socioeconomic status and environmental exposures may not reflect the situation at birth, which has a greater impact on the growth of lung capacity. 23, 24 This possibly led to the limited association between current socioeconomic status and spirometry measurements.
The strength of our study is that we are the first to systematically examine the effects of anthropometric and sociodemographic factors on ethnic differences in spirometry measurements in Chinese adults aged 35-70 years. We used nonlinear multiplicative regression models with product coefficients to present percent deviations, which is a useful and advantageous way of modelling spirometry measurements.
Major limitations of the global PURE Study have been described elsewhere, 5 and we acknowledge limitations specific to our study. First, the sample size of our study was small, particularly for certain ethnicities such as Hui. However, the differences in FEV 1 and FVC values among ethnic groups were statistically significant, indicating the sample size might not be a major concern.
Second, to ensure the sample sizes were comparable between groups, we combined Han people from four different provinces together without considering any geographic variation. Nevertheless, as shown in Table S4 (Supplementary Information), Han Chinese living in minority areas had similar baseline characteristics to Han Chinese in other areas of China, which confirmed that Han people from Xinjiang, Qinghai, Inner Mongolia and Yunnan were an adequately representative sample of the major Han population in China.
The third limitation is that the identification of ethnicity was self-reported, so that category for Han and minorities might be intermixed. To deal with this, we checked the consistency with parental background by household investigation and found the deviation was minor (results not shown).
Selection bias might exist as more women than men were included in each ethnic group. It was possible that more men worked at the time of investigation, so that the participation rate for men was lower than women. Another possible reason was that women were more patient and complied with the study, and thus the quality of spirometry testing for women was higher than men. As our study only involved never-smokers with acceptable spirometry data, more men than women were excluded due to smoking history or inconsistent spirometry measurements (Table S2 , Supplementary Information).
In conclusion, this is the first community-based study to provide detailed data on spirometry variations for ethnic groups in China. We found significantly higher FEV 1 and FVC in Mongolians, and lower spirometry measurements in other minorities especially for Dais, compared with Han Chinese. Results from our study will inform revision of national spirometry guidelines and clinical practice for diagnosis and management of lung disease. Appendix S2 Exclusion criteria for data analysis.
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